





































➨1❶ ⥴ㄽ 1 




➨2❶ ⬦Ἴఏ᧛ࡢᐃᘧ໬ 11 




2.5 ???????? ···············································································································17 
2.6 ???????????···································································································18 
2.7 ????????????? ··························································································22 
2.8 ?? ········································································································································23 
 
➨ 3❶ ⬦Ἴఏ᧛≉ᛶࡢྠᐃ 24 
3.1 ?? ········································································································································24 
3.2 ????????????????????? ·························································24 
3.3 ?????????????????????????????························36 
3.4 ????????????????????? ·························································41 
3.5 ?? ········································································································································46 
 
➨4❶ ᮎᲈ⾑⟶ࡢࣔࢹࣝ໬ 47 
4.1 ?? ········································································································································47 





4.6 ?? ········································································································································59 
 
➨5❶ ඲㌟ື⬦ࡢ⬦Ἴఏ᧛ࣔࢹࣝࡢᵓ⠏ 60 





5.6 ?????????????? ······················································································84 
5.5 ?? ········································································································································85 
 
➨6❶ ඲㌟ື⬦ࡢ⬦Ἴఏ᧛ࣔࢹࣝࡢ኱ື⬦⒗᳨ฟ࡬ࡢ㐺⏝ 86 
6.1 ?? ········································································································································86 
6.2 ??????????????? ··················································································86 
6.3 ?????????????? ······················································································95 
6.4 ?????????????????????????????························99 
6.5 ?? ······································································································································105 
 























୍⯡࡟ᚠ⎔⣔ࡢ≧ែࢆ▱ࡿࡓࡵ࡟⾑ᅽࡢィ ࡀ⾜ࢃࢀࡿ㸬1896ᖺ࡟ Scipone Riva Rocci ࡀ⌧










































ࡲࡓ㸪ࡇࡢ኱ື⬦⒗➼ࢆྵࡴ኱ື⬦⒗⑌ᝈ࡟ࡘ࠸࡚ࡣ㸪ᅜෆ࡛⣙ 3୓ 5 ༓ேࡢᝈ⪅ࡀ࠸ࡿ࡜
























1.2.1 Windkessel model࡟㛵ࡍࡿ◊✲ 
ື⬦࠿ࡽᮎᲈࡲ࡛ࢆࡍ࡭࡚ໟྵࡋࡓࣔࢹࣝ࡜ࡋ࡚㸪1899 ᖺ࡟ Frank ࡟ࡼࡗ࡚ᥦ᱌ࡉࢀࡓ
Windkessel model
(22)ࡀ࠶ࡿ㸬ࡇࡢࣔࢹ࡛ࣝࡣ㸪ᅗ 1.1ࡢࡼ࠺࡟ᚰ⮚࠿ࡽࡢᢿฟ࡟ࡼࡿᅽຊࢆ㟁ᅽ



































Ẽᅇ㊰ࢆ⏝࠸ࡓࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗ࡚࠸ࡿ(28) 㸬ࡇࡢࣔࢹ࡛ࣝࡣ඲㌟ࢆ 69 ࡢࢭࢢ࣓ࣥࢺ࡟









ࡣ࡞࠸㸬୍ ᪉࡛㸪Schaafࡣ 47 ࢭࢢ࣓ࣥࢺࡢࣔࢹࣝࢆᩘ್ィ⟬࡟ࡼࡾ᳨ウࡋ࡚࠸ࡿ㸬ࡇࡢ㝿㸪⾑
⟶ቨࡢኚ఩࡟㛵ࡍࡿ㠀⥺ᙧ㡯ࢆ㏣ຍࡋ↓ど࡛ࡁ࡞࠸࡜୺ᙇࡋ࡚࠸ࡿ(30)㸬 









ࡑࡢᚋ㸪Stettler ࡟ࡼࡾศᒱ㒊ࡸ⊃✽㒊ࡢࣔࢹࣝ(32)ࡢᥦ᱌ࡸ Fitchett ࡟ࡼࡿ Avolio ᥦ᱌ࡢࣔࢹ









ศᒱ㒊࡛ࡢ཯ᑕࢆ᫬㛫✵㛫ୖ࡛ࡢ᳨ウࢆᥦ᱌ࡋ (37)㸪John ࡣ Avolio ࡢࣔࢹࣝࢆ⏝࠸㸪ὶ㔞࠾ࡼ




































Fig. 1.5 Structured tree proposed by Olufsen.
 (36) 
 
















































➨ 7 ❶࡛ࡣ㸪ᮏ◊✲ࡢ⤖ㄽࢆ㏙࡭ࡿ㸬 





































Fig. 2.1 Pressure propagation in a cylindrical tube. 
 
0P P p= +  (2.1) 
0ρ ρ δρ= +  (2.2) 
0S S Sδ= +  (2.3) 
2
0 iS Rπ=  (2.4) 
















ࡓࡔࡋ㸪 L 0K Pγ= ࡛࠶ࡿ㸬 
 










+ =  (2.7) 









ε =  (2.9) 





















Fig. 2.2 Cross sectional diagram of thick-walled cylinder. 





( ) ( )r r θ x1
1 1 2
E
σ ν ε ν ε ε
ν ν
= − + +  + −
 (2.10) 
( )( )
( ) ( )θ θ x r1
1 1 2
E
σ ν ε ν ε ε
ν ν
= − + +  + −
 (2.11) 
( ) ( )
( ) ( )x x r θ1
1 1 2
E
σ ν ε ν ε ε
ν ν
= − + +  + −
 (2.12) 
xσ 㸪 xε ࡣࡑࢀࡒࢀ㍈᪉ྥࡢᛂຊ࠾ࡼࡧࡦࡎࡳ࡛࠶ࡿ㸬ࡇࡇ࡛㸪㍈᪉ྥࡢ୧➃ࡀᣊ᮰ࡉࢀ࡚࠸
ࡿ ( x 0ε = )࡜௬ᐃࡋ㸪ᘧ(2.8)㸪(2.9)ࢆᘧ(2.10)-(2.12)࡟௦ධࡍࡿ࡜ḟࡢࡼ࠺࡟࡞ࡿ㸬 
















 = − + + −  
 (2.14) 













d u du u
dr r dr r






d u d u
dr dr r
 + = 
 
 (2.17) 














= +  (2.19) 
ࡓࡔࡋ㸪 1 2D D= ࡛㸪 1D 㸪 2D ࡜ࡶ࡟✚ศᐃᩘ࡛࠶ࡿ㸬ࡇࡇ࡛㸪ቃ⏺᮲௳( ir R= ࡛ r Pσ = − 㸪 or R=
࡛ r 0σ = )ࢆ⏝࠸ࡿ࡜✚ศᐃᩘ 1D 㸪 2D ࡣḟࡢࡼ࠺࡟ồࡵࡽࢀࡿ㸬 
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ρ ρ µ µ= − + −
ξ










= − + −
∂
ξ
ξ ξ  (2.33) 









∂ ∂ = − + + ∇ ∂ ∂ 
ξ
ξ  (2.34) 
෇⟄ᗙᶆୖࡢṇᘻἼ࡜ࡋ࡚㸪ὶ㏿ξ ࠾ࡼࡧᅽຊ pࢆ௨ୗࡢࡼ࠺࡟ᐃ⩏ࡍࡿ㸬 
XF XR
rF rR
( ) ( )
( ) ( )
j t x j t x
j t x j t x
r e r e
r e r e
ω γ ω γ








ξ  (2.35) 
F R
j t x j t xp p e p eω γ ω γ− += +  (2.36) 
















    ∂ ∂
+ + − = − +   ∂ ∂     
 (2.37) 
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ᘧ(2.37)ࡢቃ⏺᮲௳ࡣᚤᑠኚᙧ࡜ࡋ࡚㸪 ir R= ࡛ XF 0ξ = ࡜ࡍࡿ࡜㸪୍⯡ゎ࡜ࡋ࡚ḟᘧࢆᚓࡿ㸬 
0 s
F F2










   
= − + −   
   
X  (2.38) 
























   
= − + −   
   
∫X X
 (2.39) 
ࡇࡇ࡛㸪 1( )J x ࡣ 1 ḟࡢ࣋ࢵࢭࣝ㛵ᩘ࡛࠶ࡿ㸬 
 
2.6 ⬦Ἴࡢఏ᧛ࢆ⾲ࡍㅖᐃᩘ 















   
+ −   
   
 (2.40) 



















+ −  
  
 (2.41) 
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= =  (2.42) 
ࡲࡓ㸪≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫࡣḟᘧ࡛୚࠼ࡽࢀࡿ㸬 
0Z cρ

























ᘧ(2.44)ࡢಀᩘࢆ⪃ᐹࡍࡿ㸬ࡇࡇ࡛ࡣ㸪ὶయࡣỈ࡜ࡋ࡚⪃࠼ࡿ㸬ศẕࡢ4 3 CKωµ ࡣ 20Hz ࡢ
ሙྜ㸪⢓ᛶಀᩘµ࡟ 47.0 10 kg/m sµ −= × ⋅ 㸪య✚ᙎᛶ⋡ CK ࡟ 6 21.1 10 N/m× ࢆ௦ධࡍࡿ࡜ 71.1 10−× ࡜
࡞ࡾ 1 ࡼࡾ༑ศᑠࡉ࠸㸬ࡲࡓ㸪ศᏊࡢ 2µγ ω ࡣ 20Hz ࡢሙྜ㸪 5 51.0 10 8.3 10 j− −− × − × ࡜࡞ࡾỈࡢ
ᐦᗘ 3 31.0 10 kg/mρ = × ࡟ᑐࡋ࡚⤯ᑐ್ࡣ༑ศᑠࡉ࠸㸬 sk ࡟㛵ࡋ࡚ࡣ㸪 2 1.5 10 1.9 jγ = − × + 㸪
81.8 10ωρ µ = × ࡛࠶ࡾ sk jωρ µ≈ − ࡜࡞ࡿ㸬ࡇࢀࡽࡣᘧ(2.33)࡛ࡣ㍈᪉ྥࡢ ࡢຠᯝࢆ↓どࡍࡿ
ࡇ࡜࡜➼౯࡛࠶ࡾ㸪ᚤᑠ㡯ࢆᾘཤࡍࡿ࡜㸪ᘧ(2.44)ࡣḟࡢࡼ࠺࡟࡞ࡿ㸬  
1 s i





k R J k R
ρ
ρ ∗ =
−  (2.45) 
࡞࠾㸪ࡇࡇ࡛ࡣ 20Hz ࡢሙྜࢆ⪃࠼ࡓࡀ㸪ࡇࢀࡣᚋ㏙ࡢᐇ㦂ࢆ᝿ᐃࡋࡓ್࡛࠶ࡿ㸬ே㛫ࡢ⬦Ἴ
ࡢᡂศࡣ 10Hz ௨ୗ࡛࠶ࡿ(45)ࡢ࡛㸪ࡇࡢ㆟ㄽࡣᡂࡾ❧ࡘ㸬 














+ − = ∂ ∂ 


















































=  (2.51) 
࡜࡞ࡿ㸬௨ୗ㸪≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫࡣ඲࡚య✚ὶ㔞࡟ᑐࡍࡿࡶࡢ࡜ࡍࡿ㸬ࡼࡗ࡚㸪 f F j tp p e ω= 㸪




j tp p e ω= ࡜ᨵࡵ࡚ᐃ⩏ࡋ㸪ᘧ(2.51)ࢆ⏝࠸ࡿ࡜ᘧ(2.36)㸪(2.50)ࡣḟࡢࡼ࠺࡟࡞ࡿ㸬 
f r
x xp p e p eγ γ−= +  (2.52) 
( )f r
0
1 x xq p e p e
Z
γ γ−= −  (2.53) 
















    =         
 (2.54) 
ࡲࡓ㸪௵ពࡢቃ⏺࡛ࡢ࢖ࣥࣆ࣮ࢲࣥࢫ




































































࠶ࡿ㸬ࡇࡢ࡜ࡁ lZ ࢆ⦪࢖ࣥࣆ࣮ࢲࣥࢫ㸪 tZ ࢆᶓ࢖ࣥࣆ࣮ࢲࣥࢫ࡜ࡍࡿ࡜㸪 








࡜⾲ࡍࡇ࡜ࡀ࡛ࡁࡿ㸬≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ 0Z ࡜ࡢ㛵ಀࡣḟࡢ㏻ࡾ࡛࠶ࡿ㸬  



































ቨ࠿ࡽ࿘ᅖ⤌⧊࡬ࡢ㑇₃ࡶศᒱࡶ࡞࠸ሙྜ࡟ࡣ 0G = ࡜ࡍࢀࡤࡼ࠸㸬ࡲࡓ㸪ศᒱࡀ࠶ࡿሙྜ࡟




































ᮏᥦ᱌ᡭἲ࡛⏝࠸ࡿᅽຊ ᐃࡢᶍᘧᅗࢆᅗ 3.1 ࡟♧ࡍ㸬ࡇࡢ⟶㊰ࡣ᩿㠃 1-3 㛫࡟࠾࠸࡚ᆒ㉁
࡛࠶ࡾ㸪ఏ᧛ᐃᩘγ 㸪≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ 0Z 㸪ᮎᲈഃࡢ᩿㠃 3࡟࠾ࡅࡿ࢖ࣥࣆ࣮ࢲࣥࢫࢆ 3Z ࡜
ࡍࡿ㸬ࡇࡢ⟶㊰ୖࡢ୕Ⅼ 1㸪2㸪3 ࡟࠾ࡅࡿᅽຊ 1P㸪 2P㸪 3Pࢆ ᐃࡋ㸪 3P࡟ᑐࡍࡿ 1P࡜ 2Pࡢẚ
ࡢ࿘Ἴᩘᛂ⟅ࡼࡾఏ᧛ᐃᩘࢆྠᐃࡍࡿ㸬  
 












Fig. 3.1 Schematic diagram of a viscoelastic tube for identification of propagation coefficient. 
 
a. Taylor ࡢ㏫㛵ᩘἲ 
୕ࡘࡢ ᐃⅬࡀ➼㛫㝸 l࡛㓄⨨ࡉࢀ࡚࠸ࡿ㸪ࡍ࡞ࢃࡕ 1 2/ 2l l l= = ࡢሙྜ࡟ࡣ㸪ḟᘧ࡟ࡼࡾఏ
᧛ᐃᩘγ ࡀྠᐃ࡛ࡁࡿࡇ࡜ࡀ Taylor࡟ࡼࡾ♧ࡉࢀ࡚࠸ࡿ(48) (49)㸬  

















(2.54)ࡢయ✚㏿ᗘ eq ࢆ㸪ᘧ(2.55)ࢆ⏝࠸࡚ᮎ➃ࡢᅽຊ eP࡜ᮎ➃ࡢ࢖ࣥࣆ࣮ࢲࣥࢫ eZ ࡛⨨ࡁ᥮࠼ࡿ
࡜㸪ḟᘧ࡟ኚᙧ࡛ࡁࡿ㸬 







γ γ= +  (3.2) 
ࡇࡇ࡛㸪Ⅼ 1࡜Ⅼ 3ࡢ㊥㞳ࢆ 1l 㸪Ⅼ 2࡜Ⅼ 3ࡢ㊥㞳ࢆ 2l ࡜ࡍࡿ࡜㸪ࡑࢀࡒࢀࡢ㛫ࡢ⬦Ἴࡢఏ᧛
ࡣ㸪ᅽຊ 3P ࡟ᑐࡍࡿᅽຊ 1P࡜ᅽຊ 2P ࡢẚࡢ࿘Ἴᩘᛂ⟅㸪ࡍ࡞ࢃࡕఏ㐩㛵ᩘ 1 3/P P㸪 2 3/P P ࢆ⏝
࠸࡚㸪ḟᘧ࡛⾲ࡉࢀࡿ㸬 
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γ γ= +  (3.3) 






γ γ= +  (3.4) 
ᘧ(3.3)㸪(3.4)ࡼࡾṇつ໬࢔ࢻ࣑ࢱࣥࢫ 0 3Z Z ࢆᾘཤࡍࡿ࡜ḟᘧࡀᚓࡽࢀࡿ㸬 
  1 22 1 1 2
3 3
sinh ( cosh ) sinh ( cosh ) 0
P P
l l l l
P P
γ γ γ γ− − − =  (3.5) 
ᘧ(3.5)ࡣ௵ពࡢቃ⏺᮲௳࡟࠾࠸࡚ᡂ❧ࡍࡿ㸬ࡇࡇ࡛㸪㊥㞳ࢆ 1l 㸪2l ࠾ࡼࡧ ᐃࡋࡓఏ㐩㛵ᩘ 1 3/P P㸪





































=Y X  (3.8) 






−= XX XY  (3.9) 





  0 1 21 1 2 22 2
3 3 31 2
1
sinh ( cosh ) sinh ( cosh )
sinh sinh
Z P P
l l l l
Z P Pl l
γ γ γ γ
γ γ
 
= − + − 
+  
   (3.10) 
ࡓࡔࡋ㸪γ ࡣγ ࡢඹᙺ」⣲ᩘ࡛࠶ࡿ㸬ࡇࡢṇつ໬࢔ࢻ࣑ࢱࣥࢫ 0 3Z Z ࢆᘧ(2.57)࡟௦ධࡍࡿࡇ࡜




ᐇ㦂⿦⨨ࡢᶍᘧᅗࢆᅗ 3.2࡟㸪෗┿ࢆᅗ 3.3࡟♧ࡍ㸬ᮏᐇ㦂࡛ࡣᙎᛶ⟶࡜ࡋ࡚㛗ࡉ 540mm㸪




ᐇ㦂࡛ࡣ࿘ἼᩘᤲᘬࡋࡓṇᘻἼຍ᣺࡟ࡼࡾ㸪ᅽຊ 1P㸪 3P࡜ 2P㸪 3Pࢆࡑࢀࡒࢀྠ᫬࡟ ᐃࡋ㸪ఏ
㐩㛵ᩘ 1 3P P ࠾ࡼࡧ 2 3P P ࢆồࡵࡓ㸬࡞࠾㸪Talorࡢ㏫㛵ᩘἲࢆ᳨ドࡍࡿࡓࡵ࡟ࡣ 2l ࢆ 200mm࡜







Fig. 3.2 Schematic diagram of the experimental apparatus for identification method from pressure of 
three points. 








ࣉࡉࡏ࡞ࡀࡽධຊࡋࡓ㸬2ಶࡢᅽຊࢭࣥࢧࢆ⏝࠸ᅽຊ 1P㸪 3Pࡢ⤌࡜ᅽຊ 2P㸪 3Pࡢ⤌࡟ศࡅ㸪ࡑ
ࢀࡽࢆ㡰ḟ FFT࢔ࢼࣛ࢖ࢨ࡬ධຊࡋィ ࡋ㸪ಶู࡟ఏ㐩㛵ᩘࢆồࡵࡓ㸬ィ ࡋࡓᅽຊ 1P㸪 3Pࡢ
᫬㛫ᛂ⟅Ἴᙧࡢ୍㒊ࢆᅗ 3.4 ࡟㸪ᅽຊ 2P㸪 3Pࡢ᫬㛫ᛂ⟅Ἴᙧࡢ୍㒊ࢆᅗ 3.5 ࡟♧ࡍ㸬ࡲࡓఏ㐩
㛵ᩘࡣ㸪FFT࢔ࢼࣛ࢖ࢨ࡟ࡼࡾ㸪512Ⅼ FFTࢆ㐺⏝ࡋ 0-20Hzࢆ 0.2Hz้ࡳ࡛ồࡵ㸪⤖ᯝࡀᏳᐃ
ࡍࡿࡲ࡛ᖹᆒ໬ฎ⌮ࢆ⥅⥆ࡋࡓ㸬ࡑࡢ⤖ᯝࡢఏ㐩㛵ᩘ 1 3P P ࢆᅗ 3.6࡟㸪 2 3P P ࢆᅗ 3.7࡟♧ࡍ㸬 
ᅗ 3.4㸪3.5࡟♧ࡉࢀࡿࡼ࠺࡟㸪᫬้㸦ຍ᣺࿘Ἴᩘ㸧࡟ࡼࡗ࡚஧Ⅼࡢ᣺ᖜࡣ኱ࡁࡃ␗࡞ࡿ㸬ࡇ
ࡇ࡛㸪᫬㛫ᛂ⟅Ἴᙧ࡜࿘Ἴᩘᛂ⟅ࡢᑐẚࢆ☜ㄆࡍࡿ㸬ᅗ 3.4 ࡟࠾࠸࡚ࡣ㸪2 ⛊௜㏆ࡀ 2Hz ࡛࠶
ࡾ㸪ᅽຊ 1Pࡢ᣺ᖜࡣ 10.5kPa㸪ᅽຊ 3Pࡢ᣺ᖜࡣ 11kPa࡛࠶ࡿࡢ࡛㸪ࡑࡢẚࡣ 0dB࡜࡞ࡿ㸬ࡲࡓ㸪
14⛊௜㏆ࡀ 16Hz࡛࠶ࡾ㸪ᅽຊ 1Pࡢ᣺ᖜࡀ 2.5kPa㸪ᅽຊ 3Pࡢ᣺ᖜࡀ 17.0kPa࡛࠶ࡿࡢ࡛㸪ࡑࡢ
ẚࡣ-17dB࡜࡞ࡿ㸬ᅗ 3.6ࡢࢤ࢖ࣥ⥺ᅗ࡟࠾࠸࡚㸪 1 3P P ࡀ 2Hz࡛ 0.0dB㸪16Hz࡛-16.5dB࡛࠶
ࡿࡇ࡜࡜ᑐᛂࡍࡿ㸬ࡲࡓ㸪ᅗ 3.5࡟࠾࠸࡚ࡣ㸪2⛊௜㏆ࡀ 2Hz࡛࠶ࡾ㸪ᅽຊ 2Pࡢ᣺ᖜࡣ 9.5kPa㸪
ᅽຊ 3Pࡢ᣺ᖜࡣ 9.0kPa࡛࠶ࡿࡢ࡛㸪ࡑࡢẚࡣ 0dB࡜࡞ࡿ㸬ࡲࡓ㸪19⛊௜㏆ࡀ 20Hz࡛࠶ࡾ㸪 ᅽ
ຊ 2Pࡢ᣺ᖜࡀ 4.5kPa㸪ᅽຊ 3Pࡢ᣺ᖜࡀ 8.5kPa࡛࠶ࡿࡢ࡛㸪ࡑࡢẚࡣ-6dB࡜࡞ࡿ㸬ᅗ 3.7ࡢࢤ࢖
ࣥ⥺ᅗ࡟࠾࠸࡚㸪 2 3P P ࡀ 2Hz࡛ 0.0dB㸪20Hz࡛-6.0dB࡛࠶ࡿࡇ࡜࡜ᑐᛂࡍࡿ㸬 
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Fig. 3.5 Experimental results of 2P  and 3P  using experimental apparatus. 
































































Fig. 3.7 Experimental results of 2 3/P P  using experimental apparatus. 
 
c. Taylor ࡢ㏫㛵ᩘἲ࡟ࡼࡿྠᐃ⤖ᯝ 
ᚑ᮶ἲ࡛࠶ࡿ Taylorࡢ㏫㛵ᩘἲ࡛ྠᐃࡋࡓఏ᧛ᐃᩘγ ࡢῶ⾶ᐃᩘβ ࡜఩┦㏿ᗘ pC ࢆᅗ 3.8࡟㸪
ྠᐃࡋࡓṇつ໬࢔ࢻ࣑ࢱࣥࢫ 0 3Z Z ࡼࡾ⟬ฟࡋࡓ᩿㠃 3࡟࠾ࡅࡿ཯ᑕಀᩘ pS ࡢ⤯ᑐ್࡜఩┦ࢆ
ᅗ 3.9 ࡟♧ࡍ㸬ఏ᧛ᐃᩘγ ࡟ࡘ࠸࡚ࡣ࿘Ἴᩘ࡟ᛂࡌ࡚ῶ⾶ᐃᩘࡀ༢ㄪቑຍࡍࡿࡇ࡜㸪఩┦㏿ᗘ
ࡀ 10Hz ࡲ࡛ୖ᪼ࡋ㸪ࡑࢀ௨ୖ࡛ࡣୖ᪼⋡ࡀపῶࡍࡿࡇ࡜ࡀศ࠿ࡿ㸬ࡲࡓ㸪ቃ⏺᮲௳ࡣ㛢㙐➃




࡜ࡀ☜ㄆ࡛ࡁࡿ㸬࡞࠾㸪఩┦㏿ᗘ pC ࡜཯ᑕಀᩘ pS ࡢ఩┦࡟࠾ࡅࡿ 3Hz ௨ୗ࡛ࡢࡤࡽࡘࡁࡢཎ
ᅉࡣ㸪 1 3P P ࡜ 2 3P P ࡀࡑࢀࡒࢀ1.00 0.00 j+ ㏆ഐ࡜࡞ࡗ࡚࠾ࡾ㸪ᘧ(3.1)ࡢ 1 3 2( ) /P P P+ ࡟ᑐࡋ࡚㸪






























































Fig. 3.8 Experimental results of attenuation coefficient β  and phase velocity pC  using 
























Fig. 3.9 Experimental results of reflection ratio pS  using experimental apparatus by Taylor’s 
conventional inverse method. 
 






























































࡟㸪཯ᑕಀᩘ pS ࢆᅗ 3.13࡟♧ࡍ㸬3Hz࠿ࡽ 15Hz࡟࠾࠸࡚ࡣ㸪㏫㛵ᩘἲ࡜ྠᵝࡢ್࡜࡞ࡗ࡚࠸
ࡿ㸬ࡉࡽ࡟㸪ῶ⾶ᐃᩘࡀ༢ㄪቑຍࡍࡿࡇ࡜㸪఩┦㏿ᗘࡀ 10Hz ௜㏆ࡲ࡛ୖ᪼ࡋ㸪ࡑࢀ௨ୖ࡛ࡢ



































































Fig. 3.12  Experimental results of attenuation coefficient β  and phase velocity pC  using 























Fig. 3.13 Experimental results of reflection ratio pS  using experimental apparatus by general inverse 
method. 







࿘Ἴᩘ༊㛫ẖ࡟ఏ᧛ᐃᩘγ ࡜཯ᑕಀᩘ pS ࢆྠᐃࡍࡿᡭἲࢆ᳨ウࡍࡿ㸬 
ఏ᧛ᐃᩘࢆࡑࡢྠᐃ್㸪 /pCγ β ω= +ɶ ɶɶ ࡜࠾ࡁ㸪ㄗᕪ࣋ࢡࢺࣝࢆ [ ]
T



































=ɶ  (3.12) 
࡜࠾ࡁ㸪ࡉࡽ࡟఩┦㏿ᗘࡢྠᐃ್ pCɶ ࢆ 
2pC k=ɶ  (3.13) 
࡜࠾ࡃ㸬ࡇࡇ࡛㸪 1Hz ࠿ࡽ 20Hz ࢆࡦ࡜ࡘࡢ༊㛫࡜ᐃࡵ㸪ᐇ㦂⿦⨨࡟ࡼࡿఏ㐩㛵ᩘࢆ⏝࠸࡚㸪
ㄗᕪ࣋ࢡࢺࣝ [ ]T1 2( )ε ε=ε ࡢ஧஌ࣀ࣒ࣝࢆ᭱ᑠ໬ࡍࡿࣃ࣓࣮ࣛࢱ 1k 㸪 2k ࢆồࡵࡓ㸬 
ࡑࡢ⤖ᯝ㸪 1 0.0157k = 㸪 2 30.635k = ࡜࡞ࡗࡓ㸬ࡇࢀࢆᅗ 3.12 ࡟㔜ࡡẚ㍑ࡋࡓࡶࡢࢆᅗ 3.14
࡟㸪ࡇࢀࡼࡾồࡵࡓ㸪཯ᑕಀᩘ pS ࢆᅗ 3.15࡟♧ࡍ㸬཯ᑕಀᩘ pS ࡟࠾࠸࡚ࡣ㸪ᅗ 3.13࡜ྠᵝࡢ
































































Fig. 3.14 Comparison between Experimental results of propagation coefficient γ  and estimated γɶ  























Fig. 3.15 Estimation results of reflection ratio pS  using experimental apparatus B by general inverse 









3 Ⅼࡢᅽຊ 1p 㸪 2p 㸪 3p ࡜ 1 Ⅼࡢయ✚ὶ㔞 0q ࡼࡾ⟶㊰ࡢఏ᧛ᐃᩘ࡜≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ࠿ࡽ
࡞ࡿఏ᧛≉ᛶࢆྠᐃࡍࡿᡭἲࡢᶍᘧᅗࢆᅗ 3.16࡟♧ࡍ㸬  
 
㊥㞳 il ࡛㞄᥋ࡍࡿ 2Ⅼ(i, i+1)࡟㛵ࡍࡿఏ㐩⾜ิࡣᘧ(2.54)ࡼࡾḟࡢࡼ࠺࡟⾲ࡉࢀࡿ㸬 
  
i 1 0 i 1
i i+1



















































Fig. 3.16 Schematic diagram of the identification method of material parameters by pressure of 3 
points and volume flow of one point. 
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ᅽຊἼࡢ」⣲ᐦᗘ *ρ ࡣᘧ(3.15)ࡼࡾồࡵࡽࢀࡿ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ 0Z ࡜ఏ᧛ᐃᩘγ ࢆ⏝࠸࡚ᘧ
(2.51)ࡼࡾḟᘧ࡛⾲ࡉࢀࡿ㸬 





=  (3.16) 
ࡇࡇ࡛㸪ồࡵࡓ」⣲ᐦᗘࢆᘧ(2.45)࡟௦ධࡍࡿࡇ࡜࡟ࡼࡾᐦᗘρ ࡜⢓ᛶಀᩘµ ࡀồࡲࡿ㸬ࡲࡓ㸪
➼౯య✚ᙎᛶ⋡ CK ࢆ」⣲➼౯య✚ᙎᛶ⋡࡟ᣑᙇࡋ㸪 *CK ࡜ࡍࡿ࡜ᘧ(2.42)㸪(2.51)ࡼࡾ㸪 






= =  (3.17) 
࡜࡞ࡿ㸬ࡼࡗ࡚㸪ᘧ(2.31)㸪(3.17)ࡼࡾ」⣲ࣖࣥࢢ⋡ *E ࡣḟᘧࡢࡼ࠺࡟࡞ࡿ㸬 
  
2 2












= ⋅ + ⋅
−
 (3.18) 




࠺࡟㸪୰࡟Ỉࢆධࢀࡓ⟶㊰ࡢ୍➃ࢆຍ᣺ࡋ㸪ኚ఩ x࡜ຊFࡼࡾࣖࣥࢢ⋡ 0E ࢆྠᐃࡍࡿ㸬  








=  (3.19) 
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ᮦᩱᐃᩘࢆồࡵࡿᐇ㦂⿦⨨ࡢ෗┿ࢆᅗ3.18࡟♧ࡍ㸬ᮏᐇ㦂࡛ࡣ㸪࿘Ἴᩘᤲᘬຍ᣺࡟ࡼࡾ㸪 2 1p p 㸪
3 1p p ࠾ࡼࡧ 1 0p q ࢆ ᐃࡋ㸪 0q ࡟㛵ࡋ࡚ࡣࣆࢫࢺࣥࡢኚ఩ࢆ࣮ࣞࢨ࣮ኚ఩ィ࡛ ᐃࡋ㸪ࡑࡢ
ኚ఩ࢆᚤศࡋ࡚ࣆࢫࢺࣥࡢ᩿㠃✚ࢆ࠿ࡅࡿࡇ࡜࡛ ᐃࡋࡓ㸬ࡲࡓ x F ࢆ ᐃࡋᮦᩱᐃᩘࢆồࡵ
ࡓ㸬࡞࠾㸪⟶㊰ෆὶయ࡜ࡋ࡚Ỉࢆ⏝࠸ࡓ㸬 
 
Table 3.1  Material parameters of the experimental apparatus. 
Inner radius (mm) 
iR  4.0 
Outer radius (mm) oR  5.0 
0l  200 
1l  2000 
2l  2000 
Length (mm) 
3l  2000 
 




Fig. 3.18 Photo of the experimental apparatus D.  
 
b. 3 Ⅼࡢᅽຊ࡜ 1 Ⅼࡢయ✚ὶ㔞ࡼࡾࡢྠᐃ⤖ᯝ   
 3Ⅼࡢᅽຊ࡜ 1Ⅼࡢయ✚ὶ㔞࠿ࡽ 2 1p p 㸪 3 1p p ࠾ࡼࡧ 1 0p q ࢆ ᐃࡋ㸪ᘧ(3.1)㸪(3.15)ࡼࡾྠ


























Fig. 3.19 Propagation coefficient γ  obtained by the method of pressure of 3 points and volume flow 
of one point. 
. 
Shaker 
Load cell Silicon tube 


































Fig. 3.20  Characteristic impedance 0Z  obtained by the method of pressure of 3 points and volume 
flow of one point. 
 
ᅗ 3.19, 3.20࡛♧ࡋࡓ㏆ఝ┤⥺࡜ᘧ(3.16)㸪(3.18)ࢆ⏝࠸࡚」⣲ࣖࣥࢢ⋡࡜」⣲ᐦᗘࢆྠᐃࡋࡓ
⤖ᯝࢆ⾲ 3.2㸪ᅗ 3.21 ࡟♧ࡍ㸬ᅗ 3.21 ࡟ࡣ」⣲ᐦᗘࡢ⌮ㄽ್࡜ࡋ࡚ᘧ(2.45)࡟Ỉࡢᐦᗘ














Young’s modulus (MPa) *Re( )E  8.9 9.4 
Loss factor * *Im( ) / Re( )E E  11.2 10−×  21.5 10−×  
 



























Fig. 3.21  Complex density *ρ  using experimental apparatus C obtained by the method of pressure of 





3.22 ࡢ 1-2 ༊㛫ࡢᮦᩱᐃᩘࡀᮍ▱ࡢ⢓ᙎᛶ⟶㊰࡛࠶ࡾ㸪ࡑࡢ௚ࡢ㒊ศࡀ๓⠇࡛ᮦᩱᐃᩘࢆồࡵ
ࡓ᪤▱ࡢ⟶㊰ࡔ࡜ࡍࡿ㸬ࡑࡇ࡛㸪Ⅼ A࠿ࡽⅬ B㸪Ⅼ C࠿ࡽⅬ D㸪Ⅼ A࠿ࡽⅬ Cࡢఏ㐩㛵ᩘࢆ
 ᐃࡍࡿ࡜ḟᘧࢆ⏝࠸࡚Ⅼ 1 ࡢᅽຊ
















A 2 1 2
1 1
0 1 1
cosh cosh ( )
sinh sinh










2 A 3 2
4 4
sinh ( ) sinh
sinh sinh
l l l






















ࡓࡔࡋ㸪 1 B AH p p= 㸪 2 D CH p p= 㸪 3 C AH p p= ࡛࠶ࡿ㸬 
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ࢫ࡛࠶ࡿ㸬ᘧ(3.24)ࡢ≧ែ㔞 1p 㸪 2p 㸪 1q 㸪 2q ࡣ᪤▱࡛࠶ࡿࡢ࡛㸪4ࡘࡢ≧ែ㔞ࢆ⏝࠸࡚ᘧ(3.24)
ࡢఏ᧛ᐃᩘγɶ࡜≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ 0Zɶ ࡣḟᘧ࡛⾲ࡉࢀࡿ㸬 
1 1 1 2 2
t 1 2 2 1
1
cosh
p q p q
l p q p q
γ −
 +
=  + 











ɶ  (3.26) 
ᘧ(3.25)㸪(3.26)࡛ồࡵࡓఏ᧛ᐃᩘγɶ࡜≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ 0Zɶ ࡼࡾ๓⠇ࡢᅽຊἼࡢఏ᧛≉ᛶࡢྠ
ᐃᡭἲ࡜ྠᵝ࡟ᘧ(3.16)㸪(3.18)ࢆ⏝࠸࡚Ⅼ 1㸪2㛫ࡢᮦᩱᐃᩘEɶ 㸪ρɶ ࢆྠᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬  
A B C D
1l 2l 3l 4l
1 2
A





Fig. 3.22  Schematic diagram of the identification method of material parameters by pressure of 4 
points. 
 





ᐇ㦂⿦⨨ࡢᶍᘧᅗࢆᅗ 3.23 ࡟♧ࡍ㸬ᮏᐇ㦂࡛ࡣ࿘Ἴᩘᤲᘬຍ᣺࡟ࡼࡾ㸪 B Ap p 㸪 C Ap p ࠾
ࡼࡧ D Ap p ࢆ ᐃࡋࡓ㸬࡞࠾㸪⟶㊰ෆὶయ࡜ࡋ࡚Ỉࢆ⏝࠸ࡓ㸬 
 
A B C D
2000mm 29mm 2000mm990mm
1 2






Fig. 3.23 Schematic diagram of the experimental apparatus for pressure of 4 points. 
 
b. 4 Ⅼࡢᅽຊࡼࡾࡢྠᐃ⤖ᯝ 
ᅗ 3.23ࡢⅬ 1㸪2㛫ࡀ࿘㎶࡜ྠ୍ࡢࢩࣜࢥ࣮ࣥ〇⟶㊰࡛࠶ࡿ࡜ࡁࡢ」⣲ࣖࣥࢢ⋡ࢆ 4Ⅼ ᐃ
࡟ࡼࡗ࡚ྠᐃࡋࡓ㸬᪤▱ࡢ༊㛫ࡢࣖࣥࢢ⋡࡟ࡣ๓⠇࡛ྠᐃࡋࡓ⤖ᯝࢆ⏝࠸ࡓ㸬」⣲ࣖࣥࢢ⋡࡜
」⣲ᐦᗘࢆྠᐃࡋࡓ⤖ᯝࢆ⾲ 3.3㸪ᅗ 3.24࡟♧ࡍ㸬ᅗ 3.24࡟ࡣ」⣲ᐦᗘࡢ⌮ㄽ್࡜ࡋ࡚ᘧ(2.45)


















Young’s modulus (MPa) *Re( )E  8.9 10 























Fig. 3.24 Complex densityρɶ  obtained by the method of pressure of 4 points. 
 
c. ⣽࠸⟶㊰࡟࠾ࡅࡿ 4 Ⅼࡢᅽຊࡼࡾࡢྠᐃ⤖ᯝ 
ᅗ 3.25ࡣⅬ 1㸪2㛫࡟ෆ༙ᚄ 1.0mm,㸪እ༙ᚄ 1.5mmࡢ⣽࠸ࢩࣜࢥ࣮ࣥ〇⟶㊰ࢆ 4ᮏ᮰ࡡࡓࡶ











1 1,p q 2 2,p q
A B C D1 2






Fig. 3.25 Schematic diagram of thin tube obtained by the method of pressure of 4 points. 
 
 
Table 3.4  Parameters obtained by the method of pressure of 4 points. 
Young’s modulus (MPa) *Re( )E  3.2 


























Fig. 3.26 Complex densityρ⌢ of thin tube obtained by the method of pressure of 4 points. 
 




































ᐇ㦂࡟⏝࠸ࡿศᒱ⟶㊰ࡢᶍᘧᅗࢆᅗ4.1࡟♧ࡍ㸬ᐇ㦂࡛ࡣ㸪ࣆࢫࢺࣥ➃࡛ෆ༙ᚄ sR 㸪ཌࡉ sh ࡢ
ࢩࣜࢥ࣮ࣥ〇⟶㊰1ᮏࢆࡲࡎෆ༙ᚄ࡜ཌࡉࡀ➼ࡋ࠸4ᮏ࡟ศᒱࡉࡏ㸪ࡑࡢᚋ㸪ࡑࢀࡒࢀࡢࢩࣜࢥ
࣮ࣥ〇⟶㊰࠿ࡽෆ༙ᚄ eR 㸪ཌࡉ eh ࡢ⣽࠸ࢩࣜࢥ࣮ࣥ〇⟶㊰19ᮏ㸪ྜィ76ᮏ࡟ศᒱࡋ㸪ᮎ➃ࡢ⥲
᩿㠃✚ࢆጞ➃ࡢ3ಸ࡟ࡋࡓ㸬ᅗ4.1ࡢⅬa, b, cࡢᅽຊࢆࡑࢀࡒࢀ ap 㸪 bp 㸪 cp 㸪ab㛫㸪bc㛫ࡢ㊥㞳
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Fig. 4.2  Photos of the experimental branch model. 
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Table 4.1  Material parameters of the silicone tubes.  
              (mm)  
abl  460 
Length 
bcl  320 
s
R  5.0 
Inner radius  
e
R  1.0 
s
h  1.5 
Thickness 
e





























Fig. 4.3  Experimental results of the reflectance 
cS . 
 






(radial artery) ࡟㐺⏝ࡋ࡚఩┦㏿ᗘ࡜཯ᑕಀᩘࡢྠᐃࢆ⾜ࡗࡓ㸬⿕㦂⪅ࡣ㸪22-25 ṓ⏨ᛶ㸪೺ᖖ
ᡂேࡢ◊✲༠ຊ⪅ 5ྡ࡛࠶ࡿ㸬 ᐃࡢᶍᘧᅗࢆᅗ 4.4࡟♧ࡍ㸬ᮏ ᐃ࡛ࡣᕥୖ⭎ࡢ⫝㒊࡟Ⅼ 1㸪













Fig. 4.4  Schematic diagram of the measurement system using tonometory sensor. 
 
Fig. 4.5  Photo of the measurement system. 





ẖ࡟୍⯡㏫㛵ᩘἲࢆ᭱ᑠ஧஌ἲ࡜࡜ࡶ࡟㐺⏝ࡋ㸪ఏ᧛ᐃᩘγ ࡜཯ᑕಀᩘ pS ࢆྠᐃࡋࡓ㸪⿕㦂⪅
Aࡢఏ᧛ᐃᩘγ ࡢᐇ㒊β ࠾ࡼࡧ⹫㒊ࡢ㏫ᩘࢆゅ࿘Ἴᩘω࡛㝖ࡋࡓ pC ࢆᅗ 4.6࡟㸪཯ᑕಀᩘ pS ࢆ
ᅗ 4.7 ࡟♧ࡍ㸬ࡲࡓẚ㍑ࡍࡿᚑ᮶ἲ࡜ࡋ࡚㸪ᶨ㦵ື⬦࡟࠾ࡅࡿ⬦Ἴఏ᧛㏿ᗘ rPWVࢆồࡵࡿࡓ
ࡵ࡟㸪Ⅼ 1ࡢᅽຊ 1P࡜Ⅼ 3ࡢᅽຊ 3P࠿ࡽ௵ពࡢ 1࿘ᮇࢆྲྀࡾฟࡋ㸪ࡑࢀࡒࢀࡢ᣺ᖜ࡛ṇつ໬ࡋ




















































































Fig. 4.7 Reflection ratio pS of radial artery identified by general inverse method with L.M.S. 














Fig. 4.8  Normalized amplitude of 1Pˆ  and 3Pˆ  to calculate pulse wave velocity in radial artery. 
 
ῶ⾶ᐃᩘβ ࡣ㸪1-10Hz(Ἴ㛗 10-1m)ࡢ㡿ᇦ࡛ࡣ᭷ព࡞᥈⣴ゎࡀከࡃࡣᚓࡽࢀ࡞࠿ࡗࡓ㸬఩┦
㏿ᗘ pC ࡶ㸪10Hz ௨ୗࡣከࡃࡢⅬࡀᚓࡽࢀ࡚࠸࡞࠸㸬཯ᑕಀᩘ pS ࡣ㸪୧⪅ࡀồࡵࡽࢀ࡚࠸ࡿⅬ
࡟ࡘ࠸࡚ࡢࡳ⟬ฟࡉࢀ࡚࠸ࡿࡓࡵ㸪ྠᵝ࡛࠶ࡿ㸬ࡇࢀࡣἼ㛗࡟ᑐࡋ࡚㸪ୖ⭎㛗ࡀ 0.3m ⛬ᗘ࡛
࠶ࡾ㸪 ᐃⅬࡢ㛫㝸ࡀ⊃ࡃ㸪 ᐃࡋࡓᅽຊࡢᕪࡀᑠࡉ࠿ࡗࡓࡓࡵ࡛࠶ࡿ㸬ࡇࢀ࡟ᑐࡋ࡚







ࡑࡇ࡛Ᏻᐃ࡞᥈⣴ゎࡀᚓࡽࢀࡓ 10-20Hzࡢ㡿ᇦ࡟ࡘ࠸࡚⪃࠼ࡿ㸬఩┦㏿ᗘ pC ࡣᮏ㡿ᇦ࡟࠾࠸
࡚࿘Ἴᩘ࡟ᛂࡌ࡚⦆ࡸ࠿࡟༢ㄪቑຍࡋ࡚࠸ࡿ㸬ࡇࢀࡣ࿘Ἴᩘ࡟ᛂࡌ࡚ᙎᛶࡀ༢ㄪቑຍࡍࡿ⢓ᙎ
ᛶయࡢ୍⯡ⓗ࡞ഴྥ୪ࡧ࡟Womersleyࡢࣔࢹࣝ࡟࠾ࡅࡿ⬦ືࡢᛶ≧࡜୍⮴ࡍࡿ㸬 
ࡲࡓ㸪ᮏ㡿ᇦ࡟࠾ࡅࡿ఩┦㏿ᗘ pC ࡢᖹᆒ್ࡣ 8.86 m/s࡛࠶ࡾ㸪୍⯡ⓗ࡟ィ ࡉࢀ࡚࠸ࡿྠᖺ
௦ࡢ baPWVἲ࡟ࡼࡿ⬦Ἴఏ᧛㏿ᗘ 9-14 m/s⛬ᗘ(51)ࡢୗ㝈࡟┦ᙜࡍࡿ㸬ᚋ㏙ࡢ௚ࡢ⿕㦂⪅ࡢ⤖
ᯝࡶ⪃៖ࡍࡿ࡜ಶேᕪ࡟ࡼࡿࡤࡽࡘࡁࢆ཯ᫎࡋ࡚࠸ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬 
ࡉࡽ࡟㸪ྠ᫬࡟ィ ࡋࡓᶨ㦵ື⬦࡟࠾ࡅࡿ⬦Ἴఏ᧛㏿ᗘ rPWVࢆᅗ 4.8 ࡼࡾồࡵࡿ࡜ 8.4m/s
࡜࡞ࡾ㸪ᚑ᮶ἲ࡟ࡼࡾィ ࡉࢀࡓ⬦Ἴఏ᧛㏿ᗘ࡜㏆࠸್࡜࡞ࡗ࡚࠸ࡿ㸬ᅗ 4.8 ࡢྑᅗࡣ㸪ᕥᅗ
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ࡢ 0.57⛊࠿ࡽ 0.61⛊ࡢ㛫ࢆᣑ኱ࡋࡓࡶࡢ࡛㸪 1Pˆࡀ 0.2ࢆ㉺࠼࡚࠿ࡽ 3Pˆࡀ 0.2ࢆ㉺࠼ࡿࡲ࡛ࡢ᫬
㛫ᕪ 0.032⛊࡛㊥㞳 1 0.270l = ࢆ㝖ࡋ࡚ồࡵࡓࡶࡢࡀ rPWV࡛࠶ࡿ㸬 








࡟ࡘ࠸࡚㸪ᮏᡭἲ࡟ࡼࡿ఩┦㏿ᗘ pC ࡢྠᐃ್ࡀྠ⛬ᗘ࡛࠶ࡿࡇ࡜㸪ᡭ㤳࡟࠾ࡅࡿ཯ᑕಀᩘ pS ࡣ




Table 4.2 Measured and results of identification data of radial artery 
Subject A B C D E 
Distance 1-3 
1
l  (m) 0.270  0.240  0.245  0.247  0.232  
Distance 2-3 
2
l  (m) 0.085  0.068  0.078  0.067  0.060  
Pulse Wave Velocity rPWV  (m/s) 8.4  12.0  12.3  10.7  10.5  
Phase Velocity 
p
C  (m/s) 8.86 9.58 10.92 11.38 11.68 
p
S  0.39 0.21 0.30 0.34 0.32 
Reflection Ratio 
p
S∠ (deg) 185 194 157 164 184 
 














































164 pieces 164×1389 pieces
Peripheral artery
 
Fig. 4.10  Schematic diagram of peripheral artery model 1. 
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Table 4.3 Parameters of peripheral artery model. 
 Medium artery Small artery Arteriola 
Inner diameter (mm) 3.20 0.500 0.030 
Outer diameter (mm) 4.10 0.630 0.038 
Length (mm)  117 100 50 
Young’s modulus (MPa) 0.8 0.8 0.8 
Total cross-section ratio 1 4 20 




ᮏࡢፉ⟶ࡢ┤ᚄࢆ dD ࡣ┤ᚄᣦᩘλ ࢆ⏝࠸࡚ḟᘧ࡛⤖ࡧ௜ࡅࡽࢀࡿ㸬  
p dND D










ࡇࡇ࡛㸪ᮎᲈࣔࢹࣝ 1 ࡟࠾ࡅࡿࡑࢀࡒࢀࡢศᒱ࡟࠾ࡅࡿ┤ᚄᣦᩘࢆ⾲ 4.3 ࡢㅖඖࢆ⏝࠸࡚ồ
ࡵࡿ࡜㸪୰ື⬦࠿ࡽᑠື⬦ࡣ 2.75λ = 㸪ᑠື⬦࠿ࡽ⣽ື⬦ࡣ 2.57λ = ࡜࡞ࡿ㸬࡞࠾ 3.0λ = ࡣᒙ
ὶࡢ᭱㐺್㸪 2.33λ = ࡣ஘ὶୖ㝈್࡛࠶ࡾ(54)㸪ື⬦ᵓ㐀࡟࠾࠸࡚ࡣ 2.33 ~ 3.0λ = ࡟࡞ࡿ࡜ࡉࢀ
࡚࠸ࡿ(36)㸬ᚑࡗ࡚ࣔࢹࣝ 1ࡢ┤ᚄᣦᩘࡣ㸪ື⬦ࡢᵓ㐀࡜ࡋ࡚ࡣጇᙜ࡜⪃࠼ࡽࢀࡿ㸬ᅗ 4.11࡟♧
ࡍࣔࢹࣝ 2ࡣ㸪୰ື⬦࠿ࡽᑠື⬦࠾ࡼࡧᑠື⬦࠿ࡽ⣽ື⬦ࡢ┤ᚄᣦᩘࡀ୍⮴ࡍࡿࣔࢹ࡛ࣝ࠶ࡿ㸬
୰ື⬦ 1ᮏ࠿ࡽᑠື⬦ 135ᮏ࡟ศᒱࡋ㸪ᑠື⬦ 1ᮏ࠿ࡽ⣽ື⬦ 1692ᮏ࡟ศᒱࡍࡿ࡜㸪┤ᚄᣦᩘ
ࡣࡑࢀࡒࢀࡢศᒱ࡟࠾࠸࡚ 2.64λ = ࡜࡞ࡿ㸬ࡲࡓศᒱ఩⨨࡟ࡘ࠸࡚ࡶ୰ື⬦ࡢᮎ➃ 1 Ⅼ࠿ࡽ඲
࡚ࡢᑠື⬦ࡀศᒱࡍࡿࡢ࡛ࡣ࡞ࡃ㸪୰ື⬦ࡢᮎ➃㒊ࢆ 5 ศ๭ࡋྛ఩⨨࡛ࡑࢀࡒࢀ 27 ᮏ㸪ྜィ
135 ᮏࡢᑠື⬦࡟ศᒱࡉࡏ㸪ᑠື⬦࠿ࡽ⣽ື⬦࡬ࡢศᒱࡣࣔࢹࣝ 1 ࡜ྠᵝ࡜ࡋ࡚࠸ࡿ㸬ᅗ 4.12


















Fig. 4.12  Schematic diagram of model 3. 
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Frequency (Hz)
 
Fig. 4.13  Comparison of the reflectance of model 1, 2, 3. 
 


































ᅗ 5.1ࡢࡼ࠺࡟㸪ෆ༙ᚄ 1a 㸪ቨཌh㸪ࣖࣥࢢ⋡ 1E 㸪ᐦᗘ 1ρ ࡢື⬦ࡢࡲࢃࡾ࡟㸪༙ᚄ 2a 㸪ᐦᗘ
2ρ 㸪య✚ᙎᛶ⋡ 2K ࡢᾮయࡀྠᚰ෇≧࡟࡜ࡾᅖࢇ࡛࠸ࡿ࡜⪃࠼ࡿ㸬ࡓࡔࡋ㸪 2a ࡢእഃࡣ✵Ẽ࡛
࠶ࡾ㸪ቃ⏺᮲௳ࡣ⮬⏤➃࡜ࡍࡿ㸬ື⬦ෆእࡢᅽຊࢆ 1p 㸪 2p 㸪ື⬦ࡢ෇࿘᪉ྥࡢᛂຊࢆσ 㸪㍈
᪉ྥᚤᑠ㛗ࡉࢆ x∆ ࡜ࡋ㸪ື ⬦ࡢᚤᑠ෇ᘼࡢ༙ᚄ᪉ྥrࡢኚ఩υࡢ㐠ື᪉⛬ᘧࡣḟࡢࡼ࠺࡟࡞ࡿ㸬 
1 1 1 1 1 2{( ) } ( ) sin
2
h
h a x a xp a h x p h xρ θ υ θ θ σ θ
  + ∆ ∆ = ∆ ∆ − + ∆ ∆ − ∆ ∆  
  
ɺɺ  (5.1) 












Fig. 5.1  Cross sectional diagram of model of artery and surrounding tissue. 
 
ࡇࡇ࡛㸪ື ⬦⾲㠃ࡢᅽຊ 2p ࡣ㸪ྠ ⾲㠃࠿ࡽ࿘㎶⤌⧊ࢆぢࡓ࢖ࣥࣆ࣮ࢲࣥࢫ 2z ࢆ⏝࠸࡚ 2 2p zυ= ɺ
࡜⾲ࡉࢀࡿ㸬ࡲࡓ㸪ᛂຊσ ࡣ 1 1/( / 2)E a hσ υ= + ࡛୚࠼ࡽࢀࡿࡢ࡛㸪 θ∆ ࢆᚤᑠ࡜ࡋ㸪୧㎶ࢆᩚ
⌮ࡍࡿ࡜㸪ᘧ(5.1)ࡣ 
1






a h a h z h a p
h
a




1 1 1 1
2 2
1 1 1 11 12 22
a h E a p
z





    + +   +     
ɺɺ ɺ
 (5.3) 
࡜࡞ࡿ㸬ࡇࡇ࡛ 1 1 j tp Pe ω= 㸪 j tXe ωυ = 㸪 { }2 20 1 1 1/ ( / 2)E a hω ρ= + ࡜ࡍࡿ࡜ḟᘧࡀᚓࡽࢀࡿ㸬 











































ࡇࡇ࡛㸪φ ࡣ㏿ᗘ࣏ࢸࣥࢩࣕࣝ㛵ᩘ㸪 1/ 22 2 2( )c K ρ= ࡣỈ࡟࠾ࡅࡿ⦪Ἴࡢఏ᧛㏿ᗘ࡛࠶ࡿ㸬ᘧ













ࡇࡇ࡛㸪 2 2k cω= ࡣἼᩘ࡛࠶ࡿ㸬ࡇࡢゎࡣḟᘧ࡜࡞ࡿ㸬 
( ) ( )0 2 0 2ˆ j tAJ k r BY k r e ωφ = +    (5.7) 
ࡇࡇ࡛㸪A㸪Bࡣᐃᩘ࡛࠶ࡾ㸪 ( )0J x ࡣ 0ḟࡢ➨ 1✀࣋ࢵࢭࣝ㛵ᩘ㸪 ( )0Y x ࡣ 0ḟࡢ➨ 2✀࣋
ࢵࢭࣝ㛵ᩘ࡛࠶ࡿ㸬 
ࡘࡂ࡟㸪࿘㎶⤌⧊ࡢቃ⏺᮲௳ࢆ⪃࠼ࡿ㸬ෆ࿘ 1r a h= + ࡟࠾ࡅࡿ㏿ᗘυɺࡣḟᘧ࡛୚࠼ࡽࢀࡿ㸬 
( ){ } ( ){ }
1








∂  = − = + − + ∂
ɺ  (5.8) 
ࡲࡓ㸪እ࿘ 2r a= ࡟࠾࠸࡚㸪ᅽຊࢆ㞽࡜ࡍࡿ࡜㸪ḟࡢቃ⏺᮲௳ᘧࡀᚓࡽࢀࡿ㸬 
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( ) ( ){ }
2













( ){ } ( ){ }
( ) ( )
2 1 2 1 2 1 2 1
0 2 2 0 2 2
0
k J k a h k Y k a h A
BJ k a Y k a
υ + +    
=     
     
ɺ
 (5.10) 
࡜࡞ࡿ㸬ࡼࡗ࡚㸪 A㸪Bࡣ㸪  
( ) ( ){ }
( ) ( ){ }
( ){ } ( ) ( ) ( ){ }
( ){ } ( ) ( ) ( ){ }
( )
( )
0 2 2 2 1 2 1
0 2 2 2 1 2 1
2 1 2 1 0 2 2 0 2 2 1 2 1
0 2 2
0 2 22 1 2 1 0 2 2 0 2 2 1 2 1
0
Y k a k Y k a h
J k a k J k a hA
B k J k a h Y k a J k a Y k a h
Y k a
J k ak J k a h Y k a J k a Y k a h
υ
υ
 − +  
   
− +      =   + − +   
 
=  




࡜࡞ࡿ㸬ᚑࡗ࡚㸪࿘㎶⤌⧊ࡢ࢖ࣥࣆ࣮ࢲࣥࢫ 2z ࡣ㸪ḟᘧ࡜࡞ࡿ㸬 
( ) ( ){ } ( ) ( ){ }
( ) ( ){ } ( ) ( ){ }
0 2 2 0 2 1 0 2 2 0 2 1
2 2 2
0 2 2 1 2 1 0 2 2 1 2 1
Y k a J k a h J k a Y k a h
z j c






ᘧ(5.4)࡟ᘧ(5.12)ࡢ࢖ࣥࣆ࣮ࢲࣥࢫ 2z ࢆ௦ධࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪ື ⬦ቨࡢ᣺ᖜࢆồࡵࡿࡇ࡜ࡀ࡛
ࡁࡿ㸬 
ᘧ(5.4)ࡢศẕࡢྛ㡯㸪 2ω 㸪 20ω 㸪 1 1 1 2{( ) / ( / 2) }j a h a h h zω ρ+ + ࡢ኱ᑠ㛵ಀࢆẚ㍑ࡍࡿࡇ࡜࡟
ࡼࡾ㸪ື ⬦ቨࡢ᣺ᖜࡢ୺せᅉࢆ☜ㄆࡍࡿ㸬ࡓࡔࡋᖹᆒⓗ࡞⬦Ἴ࿘ᮇࢆ 1⛊࡜ࡋ㸪 2ω π= ࡜ࡍࡿ㸬
⾲ 5.1࡟᝿ᐃࡋࡓୖ⭎ື⬦㸦Brachial artery㸧࠾ࡼࡧ⭡㒊኱ື⬦㸦Abdominal aorta㸧ࡢㅖඖࢆ㸪⾲
5.2࡟ື⬦࿘ࡾࡢୖ⭎࡜⭡㒊ࡢ୍⯡ⓗ࡞ㅖඖࢆ♧ࡍ㸬 
ィ⟬⤖ᯝࢆ⾲ 5.3 ࡟♧ࡍ㸬 20ω ࡢ㡯ࡀᨭ㓄ⓗ࡛࠶ࡾ㸪࿘㎶⤌⧊ࡢ࢖ࣥࣆ࣮ࢲࣥࢫ 2z ࡢᙳ㡪ࡣ
㍍ᚤ࡛࠶ࡿࡇ࡜࠿ࡽ㸪ࡑࡢᙳ㡪ࡣ⪃៖ࡋ࡞ࡃ࡚ࡼ࠸࡜࠸࠼ࡿ㸬ࡇࡢࡇ࡜ࡣ㸪ື⬦ࡢ༙ᚄ᪉ྥࡢ
1ḟࡢᅛ᭷᣺ືᩘ࡟ࡃࡽ࡭࡚⬦ࡢຍ᣺࿘Ἴᩘࡀᴟࡵ࡚ప࠸ࡓࡵ㸪ື ⬦ࡢ័ᛶຊ㡯ࢆព࿡ࡍࡿ 2ω
ࡣ↓ど࡛ࡁࡿࡇ࡜࡜㸪⬦Ἴ࿘Ἴᩘ࡟࠾ࡅࡿ⤌⧊ࡢ⦪ἼࡢἼ㛗࡟ẚ࡭࡚⤌⧊ࡢཌࡉ 2 1a a h− − ࡣᴟ






Table 5.1 Material parameters of arteries.  
Parameters Brachial artery Abdominal aorta 
Inner radius (mm) 1a  1.0 10.5 
Thickness (mm) h  1.0 2.0 
Young’s modulus (MPa) 1E  2.4 0.4 
Density (kg/m
3
) 1ρ  1.2×103 1.2×103 
 
Table 5.2 Material parameters of surrounding tissue.  
Parameters Brachial Abdominal 
Inner radius (mm) 1a h+  2.0 12.5 
Outer radius (mm) 2a  40 125 
Volume elasticity modulus (GPa) 2K  2.2 
Density (kg/m
3





Table 5.3 Calculation result of components.  















Fat 0-162.8i 463.2 




Fat 0-33.88i 236.5 









 ᐇ㦂⿦⨨ࢆᅗ 5.2࡟♧ࡍ㸬ື⬦ࢆᶍᨃࡋࡓࢩࣜࢥ࣮ࣥࢳ࣮ࣗࣈࡢⅬ 1㸪2㛫ࡢࣖࣥࢢ⋡ࢆィ 
ࡍࡿ㸬ࡇࡢ㝿㸪Ⅼ 1㸪2㛫ࡢࢩࣜࢥ࣮ࣥࢳ࣮ࣗࣈࡢ࿘ᅖ࡟Ỉࢆ‶ࡓࡋࡓሙྜ࡜ࡑ࠺࡛࡞࠸ሙྜࢆ
ィ ࡋ㸪࿘㎶⤌⧊ࡢ᭷↓࡟ࡼࡾࣖࣥࢢ⋡ࡀኚ໬ࡋ࡞࠸ࡇ࡜ࢆ☜ㄆࡍࡿ㸬ࡇࡢࣖࣥࢢ⋡ࡣ㸪3.4
⠇ࡢ 4Ⅼࡢᅽຊ࠿ࡽఏ᧛≉ᛶࢆྠᐃࡍࡿᡭἲࢆ⏝࠸࡚⟬ฟࡍࡿ㸬  
Ⅼ A࠿ࡽⅬ B㸪Ⅼ C࠿ࡽⅬ D㸪Ⅼ A࠿ࡽⅬ Cࡢఏ㐩㛵ᩘࢆ ᐃࡍࡿ࡜㸪ḟࡢࡼ࠺࡟Ⅼ 1ࡢ
ᅽຊ
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Fig. 5.2  Schematic diagram of the identification method of material parameters surrounded tissue. 
 




1 B AH p p= 㸪 2 D CH p p= 㸪 3 C AH p p= ࡛࠶ࡿ㸬ࡲࡓ㸪Ⅼ 1㸪2ࡢᅽຊ࡜య✚ὶ㔞ࡣ㸪
ᘧ(2.54)ࡢఏ㐩⾜ิ࡛㛵ಀ࡙ࡅࡽࢀࡿ㸬ᘧ(5.13)-(5.16)ࡢ≧ែ㔞 1p 㸪 2p 㸪 1q 㸪 2q ࡣ᪤▱࡜࡞ࡿࡓ 
ࡵ㸪4 ࡘࡢ≧ែ㔞ࢆ⏝࠸࡚ᘧ(2.42)࡛ᐃ⩏ࡉࢀࡿఏ᧛ᐃᩘ *γ ࡜ᘧ(2.43)࡛ᐃ⩏ࡉࢀࡿ≉ᛶ࢖ࣥࣆ
࣮ࢲࣥࢫ *Z ࡣḟᘧ࡛୚࠼ࡽࢀࡿ㸬 
* 1 1 1 2 2
t 1 2 2 1
1
cosh
p q p q
l p q p q
γ −
 +
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Table 5.4 Material parameters of the experimental apparatus of the identification method of material 
parameters surrounded tissue.  
1
l  2000 
2
l  227 
3
l  207 
4
l  2000 
Length (mm) 
t
l  990 
Poisson’s ratio ν  0.5 
Inner radius of tube(mm) 
i
R  4.0 
Outer radius of tube (mm) 
o
R  5.0 
Outer radius of water (mm) 
w
R  97.5 
L
ρ  1.0×103 
Density (kg/m3) 
µ  1.1×103 
 
Table 5.5 Measured complex Young’s modulus of silicon tube and surrounded material in the 
experiment.  
 With water Without water 
Young’s modulus *Re( )E  (MPa) 8.74 9.03 





๭ࡋࡓࢩ࣑࣮ࣗࣞࢩࣙࣥࣔࢹࣝࢆᅗ 5.5࡟㸪ࡑࡢㅖඖࢆ⾲ 5.6࡟♧ࡍ㸬࡞࠾㸪ࢭࢢ࣓ࣥࢺ␒ྕ 1
ࡣຍ᣺⏝ࡢࢩࣜࣥࢲࢆ᥋⥆ࡍࡿࡓࡵࡢࢩࣜࢥ࣮ࣥࢳ࣮ࣗࣈ࡛࠶ࡿ㸬 




Fig. 5.3 Schematic diagram of silicon tube model of human artery. 




Fig. 5.4 Photo of silicon tube model of human artery. 

























Fig. 5.5 Computer simulation model of silicon tube model of human artery. 
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Table 5.5 Material parameters of the silicon tube model of human artery. 
Segment number Length (mm) Radius (mm) Wall thickness (mm) Parent # 
1 997.5 6.50 2.00 0 
2 57.8 17.15 2.60 1 
3 10.4 11.70 1.40 2 
4 15.0 11.70 1.40 3 
5 24.5 7.75 1.40 3 
6 53.9 5.25 1.40 5 
7 206.5 4.65 1.15 6 
8 32.2 5.10 1.40 5 
9 180.4 4.75 1.20 8 
10 12.3 11.65 1.40 4 
11 55.3 5.10 1.40 4 
12 180.4 4.90 1.35 11 
13 28.6 12.80 1.40 10 
14 87.5 5.45 1.40 10 
15 204.5 4.18 1.30 14 
16 53.0 12.15 1.40 13 
17 138.2 11.60 1.40 16 
18 17.0 11.60 1.40 17 
19 112.1 7.30 1.40 18 
20 53.0 4.00 1.50 18 
21 53.0 4.00 1.50 18 
22 55.8 6.80 1.40 19 
23 162.9 4.00 1.50 22 
24 55.8 6.80 1.40 19 
25 162.9 4.00 1.50 24 





ᐇ㦂ࡢᶍᘧᅗࢆᅗ 5.6 ࡟♧ࡍ㸬୧ᡭ㊊࡟┦ᙜࡍࡿࢭࢢ࣓ࣥࢺ␒ྕ 7㸪15㸪23㸪25 ࡢᮎ➃࡟ࡑ




Ἴࢫ࢖࣮ࣉ(0.5- 40 Hz)࡜ࡋ㸪 1p ࠿ࡽ 2 3 4, ,p p p ࡬ࡢఏ㐩㛵ᩘࢆ ᐃࡋࡓ㸬 
ࡲࡓ㸪ࢭࢢ࣓ࣥࢺ␒ྕ 17 ࡢ㒊ศ࡟ࡘ࠸࡚ࣖࣥࢢ⋡ࡢ␗࡞ࡿ 3 ✀㢮ࡢᶍᆺ࡜እᚄࡢ␗࡞ࡿ 3
✀㢮ࡢᶍᆺࢆ஺᥮ࡋ㸪ࡑࡢ㐪࠸ࢆほᐹࡋࡓ㸬 
 
Fig. 5.6 Schematic diagram of experiment apparatus. 




























































































































Fig. 5.7 Transfer functions of experimental result. ( 1.0MPa, 23.2mmE D= = ) 



















































































































Fig. 5.8 Transfer functions of experimental result. ( 2.1MPa, 23.2mmE D= = ) 
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Fig. 5.9 Transfer functions of experimental result. ( 4.2MPa, 23.2mmE D= = ) 




















































































































(c) /p p  
Fig. 5.10 Transfer functions of experimental result. ( 1.0MPa, 32.5mmE D= = ) 
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Fig. 5.11 Transfer functions of experimental result. ( 1.0MPa, 38.5mmE D= = ) 
 














ࢆ⾲ 5.6ࡢAࡢ㏻ࡾᐃ⩏ࡋ࡚࠸ࡿ㸬ࡍ࡞ࢃࡕ㸪኱ື⬦࡟࠾࠸࡚ 0.4MPa㸪୰ື⬦࡛ࡣࡑࡢ 2ಸ㸪
ࡉࡽ࡟ᮎᲈ࡟㏆࠸ື⬦࡛ࡣࡑࡢ 4ಸ࡜タᐃࡉࢀ࡚࠸ࡿ(31)㸬 





 ௨ୖࡢࡼ࠺࡟㸪ື⬦ࡢࣖࣥࢢ⋡ࡣ✀ࠎࡢ್ࡀබ⾲ࡉࢀ࡚࠸ࡿࡀ㸪ᮏㄽᩥ࡛ࡣ E ࡜ࡋࡓ㸬ࡇ
ࢀࡣ㸪㢕ື⬦㸪⬚㒊ື⬦ࡸ⭡㒊኱ື⬦࡛ࡣA࠿ࡽD࡟኱ࡁ࡞ᕪ␗ࡣ࡞ࡃ㸪ኚ᭦ࡢᚲせࡣ࡞࠸࡜







Table 5.6 Comparison of Young’s modulus. (MPa) 
 A B C D E 
Thoracic 0.4 0.4-1.0  0.70 0.4 
Abdominal 0.4 0.4-1.8  0.76 0.4 
Iliac 0.4 1.4-4.0  0.50 1.2 
Femoral 0.8 1.8-4.2  0.46 2.4 
Carotid 0.8 0.4-1.2 1.5-4.0 0.48 0.8 
Cerebral 1.6  2.5-6.0 1.3 3.2 
 




Fig. 5.12 Multi-branched model of human arterial system proposed by Avolio with correcting segment 
number. 
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1 Ascending aorta 40 14.5 1.63 0.4 
2 Aortic arch 20 11.2 1.32 0.4 
3 Left subclavian artery 34 4.2 0.67 1.2 
4 Common carotid 89 3.7 0.63 0.4 
5 Aortic arch 39 10.7 1.27 0.4 
6 Brachiocephalic artery 34 6.2 0.86 1.2 
7 Internal mammary 150 1 0.3 2.4 
8 Subclavian artery 68 4 0.66 1.2 
9 Vertebral artery 148 1.9 0.45 2.4 
10 Common carotid 89 3.7 0.63 0.4 
11 Thoracic aorta 52 10 1.2 0.4 
12 Common carotid 89 3.7 0.63 0.4 
13 Vertebral artery 148 1.9 0.45 2.4 
14 Subclavian artery 68 4 0.66 1.2 
15 Internal mammary 150 1 0.3 2.4 
16 Costo-cervical artery 50 1 0.3 2.4 
17 Axilliary artery 61 3.6 0.62 1.2 
18 Suprascapular 100 2 0.52 2.4 
19 Thyrocervical 50 1 0.3 2.4 
20 Common carotid 31 3.7 0.63 0.4 
21 Thoracic aorta 52 9.5 1.16 0.4 
22 Common carotid 89 3.7 0.63 0.4 
23 Thyrocervical 50 1 0.3 2.4 
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24 Suprascapular 100 2 0.52 2.4 
25 Axilliary artery 61 3.6 0.62 1.2 
26 Costo-cervical artery 50 1 0.3 2.4 
27 Thoraco-acromial 30 1.5 0.35 4.8 
28 Axilliary artery 56 3.1 0.57 1.2 
29 Circumflex scapular 50 1 0.3 4.8 
30 Subscapular 80 1.5 0.35 4.8 
31 Carotid 59 1.8 0.45 0.8 
32 External carotid 118 1.5 0.42 0.8 
33 Superior thyroid artery 40 0.7 0.2 0.8 
34 Thoracic aorta 52 9.5 1.16 0.4 
35 Superior thyroid artery 40 0.7 0.2 0.8 
36 External carotid 118 1.5 0.42 0.8 
37 Carotid 59 1.8 0.45 0.8 
38 Subscapular 80 1.5 0.35 4.8 
39 Circumflex scapular 50 1 0.3 4.8 
40 Axilliary artery 56 3.1 0.57 1.2 
41 Thoraco-acromial 30 1.5 0.35 4.8 
42 Brachial artery 63 2.8 0.55 1.2 
43 Lingual artery 30 1 0.3 1.6 
44 Internal carotid 59 1.3 0.39 0.8 
45 Facial artery 40 1 0.3 3.2 
46 Middle cerebral 30 0.5 0.2 3.2 
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47 Cerebral artery 59 0.8 0.26 3.2 
48 Opthalmic artery 30 0.7 0.2 3.2 
49 Coeliac artery 10 3.9 0.64 0.4 
50 Abdominal aorta 53 9.5 1.08 0.4 
51 Opthalmic artery 30 0.7 0.2 3.2 
52 Cerebral artery 59 0.8 0.26 3.2 
53 Middle cerebral 30 0.6 0.2 3.2 
54 Facial artery 40 1 0.3 3.2 
55 Internal carotid 59 1.3 0.39 0.8 
56 Lingual artery 30 1 0.3 1.6 
57 Brachial artery 63 2.8 0.55 1.2 
58 Profunda brachi 150 1.5 0.35 2.4 
59 Brachial artery 63 2.6 0.53 1.2 
60 Internal carotid 59 0.8 0.26 1.6 
61 Gastric artery 71 1.8 0.45 0.4 
62 Splenic artery 63 2.8 0.54 0.4 
63 Hepatic artery 66 2.2 0.49 0.4 
64 Renal artery 32 2.6 0.53 0.4 
65 Abdominal aorta 53 5.7 0.8 0.4 
66 Superior mesenteric 59 4.3 0.69 0.4 
67 Gastric artery 32 2.6 0.53 0.4 
68 Internal carotid 59 0.8 0.26 1.6 
69 Brachial artery 63 2.6 0.53 1.2 
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70 Profunda brachi 150 1.5 0.35 2.4 
71 Brachial artery 63 2.5 0.52 1.2 
72 Superior ulnar collateral 50 0.7 0.2 4.8 
73 Superficial temporal 40 0.6 0.2 3.2 
74 Maxilliary artery 50 0.7 0.2 3.2 
75 Abdominal aorta 53 5.7 0.8 0.4 
76 Maxilliary artery 50 0.7 0.2 3.2 
77 Superficial temporal 40 0.6 0.2 3.2 
78 Superior ulnar collateral 50 0.7 0.2 4.8 
79 Brachial artery 63 2.5 0.52 1.2 
80 Inferior ulnar collateral 50 0.6 0.2 4.8 
81 Brachial artery 46 2.4 0.5 1.2 
82 Common iliac 58 5.2 0.76 1.2 
83 Inferior mesenteric 50 1.6 0.43 1.2 
84 Common iliac 58 5.2 0.76 1.2 
85 Brachial artery 46 2.4 0.5 1.2 
86 Inferior ulnar collateral 50 0.6 0.2 4.8 
87 Ulnar artery 67 2.1 0.49 2.4 
88 Radial artery 117 1.6 0.43 2.4 
89 External iliac 83 2.9 0.55 1.2 
90 Internal iliac 50 2 0.4 4.8 
91 Internal iliac 50 2 0.4 4.8 
92 External iliac 83 2.9 0.55 1.2 
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92 External iliac 83 2.9 0.55 1.2 
93 Radial artery 117 1.6 0.43 2.4 
94 Ulnar artery 67 2.1 0.49 2.4 
95 Ulnar artery 85 1.9 0.462 2.4 
96 Interossea artery 79 0.9 0.28 4.8 
97 Radial artery 117 1.6 0.43 2.4 
98 External iliac 61 2.7 0.53 1.2 
99 External iliac 61 2.7 0.53 1.2 
100 Radial artery 117 1.6 0.43 2.4 
101 Interossea artery 79 0.9 0.28 4.8 
102 Ulnar artery 85 1.9 0.462 2.4 
103 Ulnar artery 85 1.9 0.46 2.4 
104 Femoral artery 127 2.4 0.5 2.4 
105 Profundis artery 126 2.3 0.49 4.8 
106 Profundis artery 126 2.3 0.49 4.8 
107 Femoral artery 127 2.4 0.5 2.4 
108 Ulnar artery 85 1.9 0.46 2.4 
109 Femoral artery 127 2.4 0.5 2.4 
110 Femoral artery 127 2.4 0.5 2.4 
111 Popliteal artery 94 2 0.47 2.4 
112 Popliteal artery 94 2 0.47 2.4 
113 Popliteal artery 94 2 0.5 1.2 
114 Popliteal artery 94 2 0.5 1.2 
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115 Anterior tibial artery 25 1.3 0.39 4.8 
116 Posterior tibial artery 161 1.8 0.45 4.8 
117 Posterior tibial artery 161 1.8 0.45 4.8 
118 Anterior tibial artery 25 1.3 0.39 4.8 
119 Anterior tibial artery 150 1 0.2 4.8 
120 Peroneal artery 159 1.3 0.39 4.8 
121 Posterior tibial artery 161 1.8 0.45 4.8 
122 Posterior tibial artery 161 1.8 0.45 4.8 
123 Peroneal artery 159 1.3 0.39 4.8 
124 Anterior tibial artery 150 1 0.2 4.8 
125 Anterior tibial artery 150 1 0.2 4.8 
126 Peroneal artery 159 1.3 0.19 4.8 
127 Peroneal artery 159 1.3 0.19 4.8 






































































































ࡲࡎ㸪ᅗ 6.1 ࡢࡼ࠺࡟㸪኱ື⬦⒗ࢆ୰㛫㒊࡛࠶ࡿⅬ 1-2 㛫ࡢෆᚄࡀᣑᙇࡋ࡚࠸ࡿᙎᛶ⟶㊰࡜
ࡋ࡚ࣔࢹࣝ໬ࡍࡿ㸬ࡇࡢ⟶㊰ࡣ㸪୰㛫㒊ࡢⅬ 1-2 㛫ࡢ㛗ࡉࢆd㸪ࣖࣥࢢ⋡ࢆ AE 㸪ෆ༙ᚄࢆ AR 㸪
እ༙ᚄࢆ AoR 㸪ቨཌࢆ Ah ࡜࠾ࡁ㸪࿘㎶㒊ࡢⅬ 0-1㸪2-3 㛫ࡢ㛗ࡉࢆࡑࢀࡒࢀ 1l 㸪3l 㸪ࣖࣥࢢ⋡ࢆ BE 㸪
ෆ༙ᚄࢆ BR 㸪እ༙ᚄࢆ BoR 㸪ቨཌࢆ Bh ࡜ࡍࡿ㸬ࡲࡓ㸪Ⅼ 0 ࠾ࡼࡧⅬ 3 ࡣ↓཯ᑕ➃࡜ࡍࡿ㸬  















Fig. 6.1 Theoretical model of aortic aneurysm. 
 
Ⅼ 0-1 㛫ࡢᅽຊ 01( , )p x t ࡣ㸪Ⅼ 0 ࡟࠾ࡅࡿ㐍⾜Ἴ f1p ࡜ᚋ㏥Ἴ r1p 㸪Ⅼ 0 ࠿ࡽࡢ㊥㞳 x࡜࿘㎶㒊
ࡢఏ᧛ᐃᩘ Bγ ࢆ⏝࠸࡚㸪ᘧ(2.52)ࡼࡾḟᘧ࡛⾲ࡉࢀࡿ㸬 
B B
01 f1 r1( , )
x xp x t p e p eγ γ−= +  (6.1) 
ࡲࡓ㸪య✚ὶ㔞 01( , )q x t ࡣ㸪࿘㎶㒊ࡢ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ 0BZ ࢆ⏝࠸࡚㸪ᘧ(2.53)ࡼࡾḟᘧ࡛⾲
ࡉࢀࡿ㸬 
( )B B01 f1 r1
0B
1
( , ) x xq x t p e p e
Z
γ γ−= −  (6.2) 
ྠᵝ࡟㸪Ⅼ 1-2 㛫ࡢᅽຊ 12p ࡜య✚ὶ㔞 12q ࡣ㸪㐍⾜Ἴ f2p ࡜ᚋ㏥Ἴ r2p 㸪୰㛫㒊ࡢఏ᧛ᐃᩘ Aγ ࢆ





12 f2 r2( , )
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( )A A12 f2 r2
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Z
γ γ−= −  (6.4) 
࡜࡞ࡿ㸬ࡉࡽ࡟㸪Ⅼ 2-3 㛫ࡢᅽຊ 23p ࡜య✚ὶ㔞 23q ࡣ㸪Ⅼ 3 ࡀ↓཯ᑕ➃࡛࠶ࡾ㸪ᚋ㏥ἼࡀᏑᅾ
ࡋ࡞࠸ࡢ࡛㸪㐍⾜Ἴ f3p ࡢࡳࢆ⏝࠸࡚㸪 
B
23 f3( , )





( , ) xq x t p e
Z
γ−=  (6.6) 
࡜࡞ࡿ㸬ࡇࡇ࡛㸪Ⅼ 1 ࡢ᥋⥆㒊࡟࠾࠸࡚㸪ᅽຊࡣ➼ࡋ࠸ࡢ࡛㸪ᘧ(6.1)㸪(6.3)ࡼࡾ 
B 1 B 1 A 1 A 1
f1 r1 f2 r2
l l l lp e p e p e p eγ γ γ γ− −+ = +  (6.7) 
ࡀᡂࡾ❧ࡘ㸬ྠᵝ࡟య✚ὶ㔞ࡶ➼ࡋ࠸ࡢ࡛㸪ᘧ(6.2)㸪(6.4)ࡼࡾ 
( ) ( )B 1 B 1 A 1 A 1f1 r1 f2 r2
0B 0A
1 1l l l lp e p e p e p e
Z Z
γ γ γ γ− −− = −  (6.8) 
࡜࡞ࡿ㸬ྠᵝ࡟ࡋ࡚㸪Ⅼ 2-3 㛫࡟ࡘ࠸࡚ࡶᘧ(6.3)㸪(6.5)ࡼࡾᅽຊࡣ➼ࡋ࠸ࡢ࡛㸪 
( ) ( ) ( )A 1 A 1 B 1
f2 r2 f3
l d l d l d
p e p e p e
γ γ γ− + + − ++ =  (6.9) 
࡜࡞ࡾ㸪య✚ὶ㔞ࡶ➼ࡋ࠸ࡢ࡛㸪ᘧ(6.4)㸪(6.6)ࡼࡾ 
( ) ( ){ } ( )A 1 A 1 B 1f2 r2 f3
0A 0B
1 1l d l d l d
p e p e p e
Z Z
γ γ γ− + + − +− =  (6.10) 
࡜࡞ࡿ㸬ࡇࡇ࡛㸪ᘧ(6.10)ࢆ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ࡟╔┠ࡋ࡚ᩚ⌮ࡋ㸪ᘧ(6.9)࡜ࡢ࿴ࢆ㸪Ⅼ 1-2 㛫
ࡢ㐍⾜Ἴ f2p ࢆⅬ 2-3 㛫ࡢ㐍⾜Ἴ f3p ࡛⾲ࡍ࡜ḟᘧ࡜࡞ࡿ㸬 
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γ γ− ++=  (6.11) 
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Z
γ γ γ γγ − +− = +  (6.15) 
ᘧ(6.14)㸪(6,15)ࡢ࿴࠿ࡽ㐍⾜Ἴ f1p ࢆồࡵࡿ࡜㸪 
( ) ( )B A 1 A B 10A 0B 0A 0B
f1 f2 r2
0A 0A2 2
l lZ Z Z Z
p p e p e
Z Z
γ γ γ γ− ++ −= +  (6.16) 
࡛࠶ࡿ㸬ᘧ(6.11)㸪(6,13)ࢆ௦ධࡋ࡚㸪ᩚ⌮ࡍࡿ࡜㸪 
( ) ( ) ( ) ( ){ }A B A B2 2f3f1 0A 0B 0A 0B
0A 0B4
d dp
p Z Z e Z Z e
Z Z
γ γ γ γ− − += + + −  (6.17) 
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γ γ γ γ− − += + + −  (6.19) 
࡜࡞ࡿ㸬 
ḟ࡟⟶㊰ࡢయ✚ὶ㔞࡟㛵ࡍࡿ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ࡟ࡘ࠸࡚⪃࠼ࡿ㸬➨ 2 ❶࡛㏙࡭ࡓࡼ࠺࡟㸪
ఏ᧛㏿ᗘcࡣ㸪య✚ᙎᛶ⋡ CK ࡜ὶయᐦᗘρࢆ⏝࠸࡚ḟᘧ࡛⾲ࡉࢀࡿ㸬 
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ࡓࡔࡋ㸪Eࡣࣖࣥࢢ⋡㸪 iRࡣෆ༙ᚄ㸪 oR ࡣእ༙ᚄ㸪ν ࡣ࣏࢔ࢯࣥẚ࡛࠶ࡿ㸬 
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࡜࡞ࡿࡢ࡛㸪୰㛫㒊ࡢⅬ 1-2 㛫ࡢఏ᧛㏿ᗘࢆ Ac 㸪࿘㎶㒊ࡢⅬ 0-1㸪2-3 㛫ࡢ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ
ࢆ Bc ࡜ࡍࡿ࡜ 





























































































=  (6.28) 
୰㛫㒊ࡢⅬ 1-2 㛫ࡢ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫࢆ 0AZ 㸪࿘㎶㒊ࡢⅬ 0-1㸪2-3 㛫ࡢ≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ









=  (6.29) 











=  (6.30) 
࡜࡞ࡿ㸬 
ḟ࡟㸪୰㛫㒊ࡢෆ༙ᚄ AR 㸪ࣖࣥࢢ⋡ AE 㸪㛗ࡉdࡀࡑࢀࡒࢀኚ໬ࡋࡓሙྜࡢ㏱㐣ᦆኻ࡬ࡢᙳ
㡪ࢆ᳨ウࡍࡿ㸬 ࡲࡎ㸪ෆ༙ᚄ AR ࡢኚ໬࡟ࡘ࠸᳨࡚ウࡍࡿ㸬ࡇࡇ࡛㸪࿘㎶㒊ࡢෆ༙ᚄ BR ࡟ᑐࡍ
ࡿ୰㛫㒊ࡢෆ༙ᚄ AR ࡢẚ Rα ࢆᑟධࡍࡿ㸬 
A R BR Rα=  (6.31) 











= =  (6.32) 
࡜࡞ࡿ㸬ࡇࢀࡽࢆᘧ(6.19)࡟௦ධࡍࡿ࡜㸪 
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     
= + + −    
     
 (6.33) 
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= +    
     
 (6.34) 
ᚑࡗ࡚㸪ᩚᩘmࡀḟᘧࢆ‶ࡓࡍ࡜ࡁ㸪 
Bd mγ π= −  (6.35) 
㏱㐣ᦆኻࡣ᭱኱್ maxT ࢆ࡜ࡾ㸪 















=  (6.36) 
࡜࡞ࡿ㸬ྠᵝ࡟㸪ḟᘧࢆ‶ࡓࡍ࡜ࡁ㸪 
( )B 2 1d mγ π= − +  (6.37) 
㏱㐣ᦆኻࡢ᭱ᑠ್ minT ࡣḟᘧ࡜࡞ࡿ㸬 


























 = −  (6.39) 
࡜࡞ࡿࡢ࡛㸪ࡇࡢᘧࢆ‶ࡓࡍゅ࿘Ἴᩘ fω ẖ࡟㏱㐣ᦆኻࡣ᭱኱࡜࡞ࡿ㸬ࡇࡢ࿘Ἴᩘ㛫㝸ࡣ㸪⬦Ἴ
ఏ᧛㏿ᗘ Ac ࡜㛗ࡉdࡢẚ࡟ࡼࡗ࡚ᐃࡲࡿ㸬௨ୗࡇࡢ࿘Ἴᩘ㛫㝸ࢆᇶᮏ࿘Ἴᩘ࡜࿧⛠ࡍࡿ㸬 
ḟ࡟㸪ࣖࣥࢢ⋡ࡢኚ໬࡟ࡘ࠸᳨࡚ウࡍࡿ㸬࿘㎶㒊࡟ᑐࡍࡿ୰㛫㒊ࡢࣖࣥࢢ⋡ࡢẚ Eα ࢆᑟධࡍ
ࡿ࡜㸪 
A E BE Eα=  (6.40) 
࡛࠶ࡾ㸪ᘧ(6.24)࡟௦ධࡍࡿ࡜ 
























A E Bc cα=  (6.42) 
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= =  (6.44) 
࡜࡞ࡾ㸪࿘㎶㒊࡜୰㛫㒊ࡢࣖࣥࢢ⋡ࡢẚࡢᖹ᪉᰿ࡣ㸪ఏ᧛㏿ᗘ㸪≉ᛶ࢖ࣥࣆ࣮ࢲࣥࢫ࡟࠾ࡅࡿ
࿘㎶㒊࡜୰㛫㒊ࡢẚ࡜➼ࡋ࠸㸬ࡇࢀࡽࢆᘧ(6.19)࡟௦ධࡍࡿ࡜ 
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࡜ࡋ࡚ㅖඖࢆ⾲ 6.1 ࡢ㏻ࡾ࡜ࡋࡓ㸬 
 
Table 6.1  Basic parameters of simple model of aortic aneurysm. 
1l  0.05 
2l  0.10 Length (m) 
3l  0.05 
AE  0.4 
Young’s modulus (MPa) 
BE  0.4 
AoR  0.036 
Outer radius (m) 
BoR  0.018 
AR  0.020 
Inner radius (m) 
BR  0.010 
Density of blood ( 3kg/m ) ρ  1050 
Poison’s ratio ν  0.3 
 




















Fig. 6.2 Transmission lossT of the aortic aneurysm for several inner radius AR . 
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Fig. 6.3 Theoretical transmission lossT v.s. ratio of radius Rα  
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ḟ࡟㸪୰㛫㒊ࡢෆ༙ᚄ AR ࢆ 20mm ࡟ᅛᐃࡋ㸪㛗ࡉࢆኚ໬ࡉࡏࡓሙྜࡢᅽຊ 0p 㸪 3p ࡢ㏱㐣ᦆ
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Fig. 6.5 Theoretical fundamental frequency v.s. length d  
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98 
ḟ࡟㸪୰㛫㒊ࡢෆ༙ᚄ AR ࢆ 20mm ࡟ᅛᐃࡋ㸪୰㛫㒊ࡢࣖࣥࢢ⋡ AE ࢆኚ໬ࡉࡏࡓሙྜࡢᅽຊ
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Fig. 6.7 Theoretical fundamental frequency v.s. Young’s modulus AE . 
 




















ࡑࡢㅖඖࢆ⾲ 6.2 ࡢ㏻ࡾ࡜ࡋࡓ㸬ࡇࢀࡽࡢෆ༙ᚄR㸪㛗ࡉd㸪ࣖࣥࢢ⋡ AE ࢆኚ໬ࡉࡏ㸪⬦Ἴఏ
᧛ࣔࢹࣝ࡟ࡼࡾ㸪ୖ⫥࡜ୗ⫥࡟࠾ࡅࡿ⬦Ἴࡢఏ㐩㛵ᩘ A BP P ࢆồࡵࡓ㸬 

















Fig. 6.8 Schematic diagram of a thoracic aorta and an abdominal aorta and pressure measurement points 




Table 6.2  Combination of segments and their parameters of simulated aortic aneurysm. 















65 5.7 53 0.8 0.4 
50, 65 9.5, 5.7 105 0.8 0.4 
34, 50, 65 9.5, 9.5, 5.7 157 0.8 0.4 
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ࢭࢢ࣓ࣥࢺ␒ྕ 65 ࡢ⭡ື⬦(Abdominal aorta)ࡢෆ༙ᚄRࢆኚ໬ࡉࡏࡓ㝿ࡢఏ㐩㛵ᩘ A BP P ࡢ















































Fig. 6.9 Simulated transfer functions A BP P between a brachial artery and an anterior tibial artery for 
several radius R  of an abdominal aorta (segment #65). 
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ḟ࡟ෆ༙ᚄࢆ 50mm ࡟ᅛᐃࡋ㸪ࢭࢢ࣓ࣥࢺ␒ྕ 65 ࡢ⭡ື⬦ࡢࡳ࠿ࡽ㸪ࢭࢢ࣓ࣥࢺ␒ྕ 50 ࡢ
⭡ື⬦㸪ࢭࢢ࣓ࣥࢺ␒ྕ 34 ࡢ⬚ື⬦(Thoracic aorta)㸪࡜㡰ḟ㏣ຍࡍࡿࡇ࡜࡟ࡼࡾ㸪㛗ࡉdࢆኚ












































Fig. 6.10 Simulated transfer functions A BP P between a brachial artery and an anterior tibial artery for 
several  length d  of aortae (segment #34,50,65). 
 
 ➨6❶ ඲㌟ື⬦ࡢ⬦Ἴఏ᧛ࣔࢹࣝࡢ኱ື⬦⒗᳨ฟ࡬ࡢ㐺⏝ 
 
103 
ࢭࢢ࣓ࣥࢺ␒ྕ 50, 65 ࡢ⭡ື⬦ࡢෆ༙ᚄRࢆ 50mm ࡟ᅛᐃࡋ㸪඲㌟ࡢࣖࣥࢢ⋡ࢆ 1-3 ಸ࡟ኚ

















































Fig. 6.11 Simulated transfer functions A BP P between a brachial artery and an anterior tibial artery for 
several Young’s modulus of aorta of whole body. 
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ࢭࢢ࣓ࣥࢺ␒ྕ 50, 65 ࡢ⭡ື⬦ࡢෆ༙ᚄRࢆ 50mm ࡟ᅛᐃࡋ㸪ࡑࡢࣖࣥࢢ⋡ AE ࡢࡳࢆኚ໬

















































Fig. 6.12 Simulated transfer functions A BP P between a brachial artery and an anterior tibial artery for 
several Young’s modulus AE of abdominal aortae (segment #50,65). 
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